Glucose excursion was assessed prior to and post hypoglycaemia to increase understanding of hypoglycaemia incidence and recovery during hybrid closed-loop insulin delivery. We retrospectively analysed data from 60 adults with type 1 diabetes who received, in a crossover randomized design, day-and-night hybrid closed-loop insulin delivery and insulin pump therapy, the latter with or without real-time continuous glucose monitoring. Over 4-week study periods, we identified hypoglycaemic episodes, defined as sensor glucose <3.0 mmol/L, and analysed sensor glucose relative to the onset of hypoglycaemia. We identified 377 hypoglycaemic episodes during hybrid closed-loop intervention vs 662 during control intervention (P < .001), with a predominant reduction of nocturnal hypoglycaemia. The slope of sensor glucose prior to hypoglycaemia was steeper during closed-loop intervention than during control intervention (P < .01), while insulin delivery was reduced (P < .01). During both day and night, participants recovered from hypoglycaemia faster when treated by closed-loop intervention. At 120 minutes post hypoglycaemia, sensor glucose levels were higher during closed-loop intervention compared to the control period (P < .05).
Glucose excursion was assessed prior to and post hypoglycaemia to increase understanding of hypoglycaemia incidence and recovery during hybrid closed-loop insulin delivery. We retrospectively analysed data from 60 adults with type 1 diabetes who received, in a crossover randomized design, day-and-night hybrid closed-loop insulin delivery and insulin pump therapy, the latter with or without real-time continuous glucose monitoring. Over 4-week study periods, we identified hypoglycaemic episodes, defined as sensor glucose <3.0 mmol/L, and analysed sensor glucose relative to the onset of hypoglycaemia. We identified 377 hypoglycaemic episodes during hybrid closed-loop intervention vs 662 during control intervention (P < .001), with a predominant reduction of nocturnal hypoglycaemia. The slope of sensor glucose prior to hypoglycaemia was steeper during closed-loop intervention than during control intervention (P < .01), while insulin delivery was reduced (P < .01). During both day and night, participants recovered from hypoglycaemia faster when treated by closed-loop intervention. At 120 minutes post hypoglycaemia, sensor glucose levels were higher during closed-loop intervention compared to the control period (P < .05).
In conclusion, closed-loop intervention reduces the risk of hypoglycaemia, particularly overnight, with swift recovery from hypoglycaemia leading to higher 2-hour post-hypoglycaemia glucose levels. A hypoglycaemic episode was defined as sensor glucose <3 mmol/L for at least 10 minutes. 9 Hypoglycaemic episodes that were at least 30 minutes apart were counted as separate events. We excluded episodes within 60 minutes of insulin bolus as these episodes may be predominantly attributable to bolus over-delivery and unrelated to closed-loop glucose control. The exclusion criterion was applied to both study periods.
| Statistical analysis
We identified hypoglycaemic episodes for each participant separately.
We evaluated for each participant the average sensor glucose and the average basal insulin infusion rates from −60 to 120 minutes in 10-minute steps relative to the onset of hypoglycaemic episodes. We then calculated the mean sensor glucose excursions and mean basal insulin infusion across all participants. The minimum glucose levels during hypoglycaemia, the area-under-curve (AUC) hypoglycaemia and the duration of hypoglycaemia were also calculated. Hypoglycaemic episodes identified during the night (midnight to 6:00 AM) and during the day (6:00 AM to midnight) were analysed separately. Figure 1 shows the diurnal distribution of hypoglycaemia incidence during 2 treatment periods. A reduced incidence of hypoglycaemia was observed during the closed-loop period as compared to the control period, with a predominant reduction between 10:00 PM and 8:00 AM when the incidence of hypoglycaemia was halved. Figure S1 shows the risk of hypoglycaemia conditioned on ambient sensor glucose; with sensor glucose between 3 and 8 mmol/L, the risk of hypoglycaemia 60 minutes later is halved during closed-loop intervention. Sensor glucose prior to hypoglycaemia had a steeper decline during closed-loop intervention as compared to the control period (P = .002).
During the day, participants recovered from hypoglycaemia more rapidly when treated by closed-loop intervention (higher sensor glucose values from 20 to 120 minutes post hypoglycaemia; P < .05). A similar trend was observed during the night. Table S1 shows sensor glucose values from 30 to 120 minutes relative to the onset of hypoglycaemia.
Mean basal insulin infusion rates were lower during closed-loop intervention as compared to control periods, from −60 to 80 minutes during the day (P = .001) and from −60 to 50 minutes during the day (P = .003), respectively.
Minimum 
| DISCUSSION
The present analysis reports the incidence and diurnal distribution of hypoglycaemia in adults with type 1 diabetes during home use of hybrid closed-loop insulin delivery and sensor-augmented or conventional insulin pump therapy. We evaluated sensor glucose excursions and basal insulin infusion rates prior to and post hypoglycaemia. We found different patterns of hypoglycaemia incidence and hypoglycaemia recovery between the 2 interventions.
Many prospective and retrospective studies of hypoglycaemia incidence are based on self-reported data, with considerable variation in reported outcomes (eg, 43 episodes per patient-year, 10 73 episodes per patient-year 11 and 94 episodes per patient-year 12 ). In the present analysis, we report the incidence of clinically significant hypoglycaemia at 144 episodes per patient-year during insulin pump therapy using sensor glucose data. Continuous glucose monitoring provides comprehensive glucose levels over 24 hours and enables transparent definition and recording of hypoglycaemic episodes when device usage is high, as in the present analysis with median sensor wear time at 94% and 95% of the total time for closed-loop and control periods, respectively.
Our analyses document the risk of hypoglycaemia being reduced during closed-loop compared to control periods (377 vs 662 hypoglycaemic episodes) in adults with type 1 diabetes and with baseline HbA1c levels ranging from 5.8% to 9.7%. Figure 1 shows that the predominant reduction in hypoglycaemia was during the night. Figure 2 shows that, during closed-loop periods, sensor glucose reduced more rapidly prior to hypoglycaemia as compared to control intervention.
Our interpretation is that closed-loop intervention was capable of preventing hypoglycaemia when sensor glucose was not decreasing rapidly. Thus, only a rapid decline in sensor glucose leads to hypoglycaemia during closed-loop intervention. This is supported by reducing the risk of hypoglycaemia within 60 minutes, stratified according to ambient sensor glucose ( Figure S1 ).
Two peaks of hypoglycaemia incidence were observed during An observational study reported that, in real-life settings, a majority of patients over treated their hypoglycaemic episodes. 15 Given that post-hypoglycaemia glucose levels were higher during closedloop intervention as compared to control periods, a reasonable recommendation for clinical practitioners would be to reinforce, and possibly revise, patient education concerning hypoglycaemia correction, especially for those undergoing closed-loop treatment. Further studies are warranted to explore optimal strategies for hypoglycaemia treatment during closed-loop glucose control.
The strengths of our analysis are the multicentre, multinational, crossover, randomized study design, in which each subject serves as his/her own control, and the considerable volume of sensor glucose data used to identify the hypoglycaemic episodes. The data were collected during unsupervised home studies and, thus, glucose excursions reflect hypoglycaemia incidence and self-treatment of hypoglycaemia under free-living settings. The limitations include the lack of reliable data concerning the amount of rescue carbohydrates.
In conclusion, hybrid closed-loop intervention reduces the risk of hypoglycaemia, particularly during the night, with a swift recovery 
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